We study within the linear response theory the far-infrared optical absorption spectrum and the collective excitations of an asymmetric, wide parabolic Al x Ga 1−x As quantum well, consisting of two half-parabolas of different curvatures, in the presence of an in-plane magnetic field. We employ a self-consistent-field approach in the local-density approximation using parameter values of a recent experimental study. At low N s , there is only one resonance corresponding to the lowest inter-Landau-level transition, and at high N s we obtain two resonances at frequencies corresponding to the different curvatures of the well, in good agreement with experiment. We also calculate the optical spectra without any magnetic field and find similar trends as a function of N s , i.e., one resonance at low N s and two main resonances at high N s .
Remotely doped parabolic quantum wells (PQW) show infrared magneto-optical spectra [1, 2, 3] in agreement with the generalized Kohn theorem [4] , which states that an electron gas in a perfect parabolic confinement and with a magnetic field applied in an arbitrary direction, absorbs long-wavelength light only at the two frequencies that correspond to excitations in the center of mass (CM) motion-the so-called "Kohn modes". For a number of confining potentials with deviations from perfect parabolicity, both experiment [3, 5] and theory [6, 7, 8] show that the CM modes are robust against the nonparabolicities (although their energies may be slightly shifted), and that additional excitations, usually with small oscillator strength, appear in the far-infrared (FIR) optical spectra. In the presence of an in-plane magnetic field the changes in the spectra induced by nonparabolicities may be more dramatic, as shown for an overfilled PQW [9] , where the CM mode, which in the perfect parabolic case is separated from the continua of inter-Landau-level transitions, is broadened into a continuum.
Recently [10] , the FIR optical absorption spectra of an asymmetric PQW consisting of two half parabolas of different curvatures have been measured in the presence of an inplane magnetic field B, with normally incident radiation linearly polarized with E RAD ⊥ B.
For a perfect PQW (given by V (z) = α 0 z 2 ) in this Voigt geometry, the generalized Kohn theorem predicts a unique absorption frequency ω = (ω
is the frequency of the harmonic-oscillator confining potential with m * being the electron effective mass in GaAs, and ω c = (eB/m * c) 1/2 is the cyclotron frequency. In the perfect parabolic case this resonance is expected to be independent of the electron sheet density N s , as corroborated by experiment [2, 3] . For the asymmetric PQW, instead, the generalized Kohn theorem is no longer valid, and the FIR spectra are seen to depend on N s . For large N s there are two resonances corresponding to the two curvatures in the well, and as N s is decreased they merge into a unique resonance corresponding to the lowest inter-Landaulevel transition.
In this paper, we present results of a self-consistent quantum mechanical calculation of optical spectra and collective excitations for the asymmetric PQW experimentally studied in Ref. [10] , both with a magnetic field in the Voigt geometry and without a magnetic Intersubband optical absorption for a quasi-2D electron gas in the presence of an inplane magnetic field, with the radiation polarized in the growth direction has been calculated by Ando [11, 12] , and his treatment was adapted to the normal incidence case by Dempsey and Halperin [9] . In this paper we use a similar self-consistent-field approach, which includes exchange and correlations effects within the Local Density Approximation (LDA).
We choose the growth axis in the z-direction, the magnetic field B = (0, B, 0) and the gauge A = (Bz, 0, 0). Ignoring the Zeeman energy, the effective single-particle Hamiltonian is [9, 13] 
where V eff (z) = V conf + V H (z) + V xc (z) is the sum of the confining V conf (z), Hartree V H , and exchange-correlation V xc [14] potentials. The eigenfunctions of H can be factorized as
and the corresponding eigenenergies are
. In this work, the quasi-continuous set of values of the quantum number k x obtained when periodic boundary conditions are applied in the x-direction is discretized into a coarser mesh to make the problem tractable numerically [12, 9] . The electron density is then calculated as
where N nkx is given, at zero temperature, by
where E F is the Fermi energy and θ is the unit step function. The self-consistent singleparticle problem without magnetic field is solved following a method analogous to the one just described [6, 8] . Having solved the self-consistent single-particle problem we proceed to calculate the absorption spectrum. In the Voigt geometry, the absorbed power is proportional to the real part of the xx-component of the modified two dimensional conductivity tensor, which is related to the zz-component by [9] Re[σ
zz ]. In our calculations with magnetic field we obtainσ 2D zz following the method described in Refs. [12, 9] , and for the zero magnetic field calculations we follow Refs. [15, 6, 8] . In both cases one
where
are the oscillator strengths corresponding to the resonant energiesε η , which include the depolarization and the exciton-like corrections [12, 15] , and τ is a phenomenological relaxation time. In the Voigt geometry problem the index η denotes a discretized quasi-continuous variable whereas in the zero magnetic field case it is simply an integer variable. This implies that at zero magnetic field the absorption spectrum consists of a set of isolated resonant frequencies, and with an in-plane magnetic field there can be, in principle, both isolated and broad quasi-continuum resonances, which is indeed the case for the asymmetric parabolic well under consideration.
Our model potential describing the asymmetric PQW sample studied in Ref. [10] is shown in Fig. 1 , and consists of two half-parabolas with curvatures α 1 = 5.1×10 −5 meV /Å 2 and α 2 = 6.2 × 10 −5 meV /Å 2 , and it is 3000Å wide. For the calculations in the Voigt geometry, we choose a magnetic field in the region of the observed resonances of B = 5.8 T .
In Fig. 1 we show the calculated self-consistent potentials for some values of the sheet density N s , which, as expected, become flattened over a wider region in the center of the well, as the electron slab width increases with N s . Note that for the values of N s considered in the experiment, and in our calculations with magnetic field, only the lowest subband is occupied at zero temperature. The electron density profiles n(z) are shown as an inset in Fig. 1 . We checked that the abrupt change in the curvature at z = 0 does not produce unphysical results by using a similar potential with a graded change in curvature, and the density profile was identical to the original one within our numerical precision.
The optical absorption spectra for the asymmetric quantum well and for several densities N s in the range used in Ref. [10] are shown in Fig. 2 . are proportional to dn(z)/dz [9] . In Fig. 3 we show the fluctuation profiles δn(z) for the resonant modes at N s = 7.5×10 10 cm −2 together with the derivative dn(z)/dz. We see that the resonant modes very accurately describe rigid translations of the electron gas in the corresponding halves of the well-right and left halves for the resonances with ω K1 and ω K2 , respectively. Finally, a notable difference between our results for the asymmetric PQW of Ref. [10] and a previous study of an overfilled PQW in the Voigt geometry [9] is the interplay between the main resonances or "Kohn modes" and the continuum of inter-Landau-level transitions. For the overfilled PQW the CM mode is broadened into a continuum, whereas for the asymmetric PQW the "Kohn modes" of the two half parabolas are split off from the continuum of inter-Landau-levels at high densities, and at lower densities one of them becomes a broad continuum resonance while the other one remains an isolated resonance as in the case of perfect parabolic confinement. 
